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That most of the theories of color perception extant are, in 
the light of present scientific knowledge, illogical and absurd 
is quite evident to even the casual observer. 

In order to arrive ata fair and intelligent conclusion it is 
necessary that the main principles of the more important the- 
ories should be analyzed and compared. 

The first scientific theory of light was brought forward by 
Sir Isaac Newton, in 1668, and is called the corpuscular the- 
ory. This, I presume, is familiar to all of us. The theory of 
color perception advanced by Newton and his followers is 
_ simple, and if the main hypothesis were correct would be en- 

tirely satisfactory. It is condensed in the following paragraph 
from a book published in 1759 by that distinguished physiolo- 
gist, Dr. Wm. Potterfield, of Edinburgh: 

“$5. The third manner in which colors may be cofisid- 
ered is the passion of our organ of sight, that is, the motions 
or vibrations excited in the fibres of the retina by the impulse 
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or stroke received from the rays of light; which motions or vi- 
brations being propagated along the solid fibres of the optic 
nerves into the brain, cause the sensation of colors. For the 
rays of light being corpuscles of different magnitudes, will, by 
striking the retina, excite vibrations of different bignesses, 
which, according to their bignesses, must excite sensations of 
several colors much after the manner of the  vibra- 
tions of air, according to their several bignesses ex- 
cite sensations of several sounds; and particularly 
the shortest or most. refrangible rays -will excite the 
shortest and weakest vibrations for making a sensation of deep 
violet, the largest or least refrangible, the largest and strong- 
est vibrations for making the sensation of deep red, and the 
several intermediate sorts of rays, vibrations of several inter- 
mediate bignesses to make sensations of the several interme- 
diate prismatic colors; but when the several heterogeneal rays 
are blended together promiscuously, they must, then, in fall- 
ing upon the retina, excite several other different sorts of vi- 
brations for making the sensations of the several cempound 
colors, which will, therefore, differ among themselves accord- 
ing as the light is composed of more or fewer of the different 
colored rays, or as they are mixed in various proportions.” 

The corpuscular theory of light has been disproved in many 
ways. The undulatory theory, now generally held, originated 
with Huyghens in 1678. All theories of color perception to 
be acceptable must rest upon his theory until that is disproved. 
The one most generally accepted was that evolved by Thos. 
Young in 1802. Helmholtz has ably seconded this in our gen- 
eration. Backed by these great names the world has tacitly 
accepted their opinion as the ultimatum. 

Observers have imagined, from the complexity of the retinal 
mechanism, tnat each layer must have a special perception of 
itsown. Some have even gone so far as to name these char- 
acteristics. They overlook the fact thatthe eye is simply an 
optical instrument, each part being essential to the function of 
every other, and perfect action being impossible without exist- 
ence of all the structures. 
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It does not matter for any theory which is called the per- 
cipient layer, provided that each elementary portion of the re- 
tina is connected with the brain centres by one or more nerve 
fibres. Thos. Young advocates three of these elementary por- 
tions adapted to the reception of three sensations of color, 
which he considered to be primary. One set of sensations, 
strongly acted upon by the waves of light due to long inter- 
vals, producing a sensation we call red, another set responding 
most powerfully to those of medium length, generating green, 
and a third most strongly stimulated by short rays, producing 
the impression of violet. The red of the spectrum acts most 
powerfully on the first set, and according to Young, acts also 
upon the other two sets of nerves, but with less energy. [This 
is better understood by inspection of the accompanying dia- 
gram taken from the Physiological Optics of Helmholtz.] 


Fic. 2. 


Here are placed the colors of the spectrum in order, the curves 
indicating the degree to which the three kinds of nerves are 
acted upon. We see that the nerves of the first kind are most 
powerfully stimulated by red light, less by yellow, and very 
little by violet. The next point in his theory is that when 
these three sets of nerves are stimulated in the same degree 
the sensation we call white is produced. 

In 1878, Prof. Hering, of Prague (without any special en- 
deavor to disprove the theory of Young), brought forward a 
proposition, which we think has less to recommend it than the 
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previous one. In Hering’s theory we have three peculiar sub- 
stances which are chemical, and not anatomical. They are 
designated as the white-black, the red-green and the blue- 
yellow. He conjectures that these substances are affected by 
light in a peculiar manner. The red-green substance is acted 
upon by no color but red and green, and these act in opposite 
ways. Red light, for example, acts in a decomposing or dis- 
assimilating manner (“D”) and produces a sensation of red. 


Fic. 3. 


Green light acts in a regenerating or assimilating manner 
(“A”) causing green. Blue hasan “A” action on the blue- 
yellow substance; yellow a “D” action (Fig. 3). He recog- 
nizes four fundamental colors instead of three, which are 
paired, the components of each being antagonistic. For where 
the “A” and “D” actions in any substance are equal, the effect 
is neutral—no sensation resulting. On the third substance, the 
black-white, white light acts in a “D” manner, while black 
has an “A” action. Moreover, both the other substances are 
affected in an “A” and “D” manner by white and black. 

On December 19, 1880, a paper was read before this soci- 
ety, the author advancing a theory, original with him, of color 
perception, and endeavoring to disprove the views originally 
accepted. The author of this article is Dr. Swan M. Burnett, 
of this city. Much has since been published concerning this 
subject by Burnett and others, and his work has been reviewed 
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and criticised both in this country and in Europe, the late 
Giraud Teulon, of Paris, giving considerable prominence to his 
views in the attacks he made upon Donders’ defense of the 
Young-Helmholtz theory. A paper embodying Burnett's views 
in considerable detail was published in the American Journal 
of Med. Sciences in July, 1884. Although the scientific minds 
of America have eagerly seized this theory as a solution of 
color perception, yet in Europe it has received but little sup- 
port, the majority of scientists in that country preferring to 
rest under the shadow of Helmholtz. 

In 1885, Dr. Chas. Oliver, of Philadelphia, published the re- 
sults of his deductions and experiments, which he called “A 
Correlation Theory of Color Perception.” His work displays 
much ingenuity, and though veiled by a mass of extraneous 
matter, tends to the same end as Dr. Burnett’s. 

Dr. L. Webster Fox and Mr. Geo. Gould in 1886 brought 
forward a brochure on “Heat Considered as the Retinal Inter- 
mediate of Light and Color Sensation,” the main principle of 
which, they acknowledge, was set forth in Burnett’s paper. 

Deductions made from these seem to represent the subject 
in the following theorems: 

1. a. Theretina is simply a receiving and transmitting - 
structure which gives up faithfully to the optic nerve the im- 
pressions made by the waves of luminiferous ether. 

1. 4. The retina is an organ, whose ultimate structure is 
such as to allow it to respond at one andthe same time to a 
large number of ethereal vibrations, at least such a number as 
shall be represented by the clearly distinguishable colors of 
the spectrum. 

2. a. These vibrations may be carried along the same 
nerve at one and the same time. 

2. 6. These vibrations are transmitted to the central ter- 
minus of the filament in the brain where they are fully 
evolved, making a change in some unknown contiguous per- 
ceptive elements which are presided over by the sensorium. 
They are here, by the quality and nature of the change pro- 
duced, differentiated into various perceptions. 
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3. There are no anatomical, chemical or physical grounds 
for either the theory of Young or Hering. - 
Oliver tries to step beyond that gulf, over which the mind of am 
man cannot pass, and attempts to explain the manner in which . as 
the impressions are appreciated. He involves his theory, and im 
greatly lessens the value of his deductions, by endeavoring to ga 
prove the existence of an “energy equivalent” resident in the ta 
nerve tip and which, when excited, is carried almost instanta- N 
neously to the brain. Although on some points these authors ar 
differ, it matters not for the main principle so long as it is de- ar 
clared that perception and differentiation reside in the brain, on 
and not in the retina. It does not seem probable that the ‘2 

wave motion of ether undergoes a certain change in the retinal 
and nerve tissue, influencing the “nervous conductibility” (z. ¢., th 
the mode of molecular vibration). It is believed that each im- a 
pression is conveyed to the brain cells separately and distinct- Vv 
ly. Prof. Burnett, as we see, goes back to the original views a 
of Newton, simply adapting the undulatory theory to his hy- - 
pothesis. Instead of the retina being affected by the “nature li 
and bigness” of the light corpuscles, he conceives it to be af- tl 
fected by the varying number and wave lengths of the ethe- f: 
real undulations. 

Which of these theories shall we accept? Which is more 
nearly in accordance with the observed facts of present scien- h 
tific knowledge in the domain of wave motion and molecular Ps 
physics? We must carefully lay aside all prejudices or we 7 
may be deluded by highly colored statements into accepting t: 
that which, if looked at in the proper light, would be untena- . F 
ble. The Newtonian theory of light is out of the question, as 5 
it has proved to be false in many ways. Now, as we have ac- s 
cepted the undulatory theory, it behooves us that our deduc- . 
tions shall conform to those brought forward by Huyghens and r 
his illustrious followers. But Young, Hering and the rest of . 
them also accept the undulatory theory, therefore we must P 
first dispose of those which conflict with nature’s known laws, ‘ 
before any other theory is admissible. Take the Young- P 
Helmholtz theory: P 
t 
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At the first step we stumble upon a great stone. Young 
and Helmholtz (and also Hering) make the retina not only a 
receiving and transmitting apparatus, but a differentiating one 
as well. If they believe that the brain differentiates all other 
impressions why should they make a special exception as re- 
gards color, and suppose that for the appreciation of this a cer- 
tain part of the eye is set aside as a discriminating organ? 
Now, they overlook a well known physical fact: When bodies 
are heated the ultimate molecules of which they are composed 
are in a state of vibration, and if heated to the point of lumin- 
osity this vibration communicated to ether culminates with us 
in the sensation of light. 

Burnett says: “It must be accepted as a fact, therefore, 
that all the vibrations found in the ether must have had their 
existence primarily in the molecules of the luminous body. 
When a body is brought to a white heat, for example, the 
molecules of which it is composed must make all those phases 
of vibrations which correspond to every color into which white 
light may be decomposed, and must make them at one and 
the same time. In no other way is it possible to explain satis- 
factorily and consistently the various vibrations of the ether 
and the manner in which they are brought about. 

Now, Young: must have known this, for he could hardly 
have supposed that there were three separate and distinct 
fibres in all luminous bodies giving out white light, partic- 
ularly in those bodies which, so far as it is possible to ascer- 
tain, are strictly homogeneous and simple. If this is true of 
the originating body, why should it not be true of the body 
receiving and transmitting the vibrations? Why is it neces- 
sary to assume the existence of three separate fibres in the 
retina whose office it is te receive the vibrations, when the 
body giving rise to these vibrations is simple, and with its 
molecules so arranged that they can vibrate at one and the 
same time in the different phases corresponding to the differ- 
ent wave-lengths representing the various colors. ‘This it 
seems to me, is a death-blow to the sole objection advanced 
against the adaptation of Newton’s views to the undulatory 
theory.” 


| 


170 H. V. Wuerdemann. 


Again, if a fibre is attuned in harmony with waves of a cer- 
tain length it is physically impossible to make it vibrate to 
waves of other lengths. Now in the Young-Helmholtz the- 
ory, yellow has no fibre corresponding to it, being but a com- 
bination of red and green. For the perception of this color 
there must be a vibration of the red fibre and also of the 
green ; two fibres adapted to phases of vibration different from 
each other and from yellow. If this is not a reductio ad ab- 
surdum, 1 do not know the meaning of the term. 

In cases of unilateral “color blindness,” the yellow appears 
the same in both eyes, whereas if it were a compound color it 
would appear, according to the theory, as red in green blind- 
ness, and as green in red blindness. [From reports of several 
hundred cases we must conclude that yellow and blue blind- 
ness are unknown]. 

Why should we seek for round-about ¢xplanations of na- 
ture’s laws? She ever follows straight paths, though our eyes 
may not always discern their entrances, for they may be so 
blocked up by obstructive theories, that they cannot be en- 
tered until we remove the obstacles. 

Oliver makes a good point when he says: “The tactile ap- 
paratus is one form of telegraphic machinery destined to re- 
ceive the impressions, whilst the visual apparatus is another 
form of the same machinery for the receipt of the same char- 
acter of impressions. Each in itself is a simple mechanism 
not possesing differentiating power, but merely capable of re- 
sponse when properly acted upon. It would be foolish to as- 
sert that there may be special divisions of the peripheral tact- 
ile nerves, especially adapted for three empirical sensory 
impressions, cold, warm, hot, and then to make an artificial 
gross division of caloric into several arbitrary parts, and say 
that the different varieties of results are the productions of 
differences in grade, and amount of action on each or all of 
these fibres, i. e., that the action of fixed stimuli causes addi- 
tions or subtractions in unknown degrees upon the organisms 
of elective power. Yet, here is Young’s theory applied to the 
sense of touch. 
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Then again, I say that the retina is simply a receptive 
screen, the flattened end of the optic nerve, having about as 
much to do with the reception of color as the transmitting 
diaphragm of the telephone has with the formation of the 
aérial vibrations by the receiver at the other end of the circuit. 
We might draw a nearer analogy in the case of the ear drum, 
a simple membrane, which takes up and carries to the chain 
of small bones an infinite number of aérial vibrations at one 
and the same time. It is not even admitted by our latest 
authorities that the organ of Corti is the final differentiating 
organ. Even if it were, three fibres are not called upon to 
vibrate for thousands of tones. By Young’s theory an ex- 
planation of color blindness has been worked out in an ardu- 
ous and complex manner with many exceptions. Holmgren 
and other follawers of Young-Helmholtz claim that they are 
not only able to detect abnormal color perception, but to 
make a differential diagnosis by this theory, referring to one 
of the three kinds of “blindness.” How- does this hold in 
practice? We have a patient who does not distinguish the 
reds and greens. Now all the spaces in the spectrum occu- 
pied by the colors which the normal eye perceives should be 
referred, according to the theory, to the third color, i. e., vio- 
let. Does he always do this? I ‘answer most emphatically, 
No! The only distinction between tint; falling under the 
heads of the confusing colors is that of intensity. As colors 
of the same character differ in intensity, the mistakes arising 
are likely to be very numerous. 

I quote the following from Burnett: 

“In comparing the results of these examinations, made by 
men of recognized ability and capacity for the work, and con- 
ducted solely with the view of arriving at the truth, with the 
phenomena which the Young-Helmholtz theory demands, it 
will be seen at.once that they are far from harmonizing. An 
individual who is red-blind by one method of examination is 
pronounced green-blind by another. There is shortening of 
the red end of the spectrum in the supposed green-blind. 
There is no gray or neutral line (”) in cases where it ought 
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to be found, and when present, is often situated where it 
should not be. There seems to be but seldom any loss in 
brilliancy of the spectrum as a whole, and the brightest part 
is nearly always found in the yellow, as in the normal eye, and 
there is no sort of regularity in the manner in which the lost 
colors are matched. The only two colors about which mis- 
takes are not made are yellow and blue; all other colors are 
liable to confusion, and in the most unexpected and hetero- 
geneous manner. 

The failure of Hering’s theory to account consistently for 
the phenomena of color-blindness (so-called) is equally obvi- 
ous. In the ordinary form of abnormal color-perception, 
there is an inability to properly distinguish shades of red and 
green. It cannot be denied that these colors are seen, and 
that they are distinguished as co/ors, though not in the same 
manner as in the normal eye, but ever as simply black or 
white. Moreover, when the spectrum is looked at, with few 
exceptions, these colors are as intense as to the normal eye. 
How then can Hering’s theory explain the phenomena? Red 
and green make an impression—and an impression as strong, 
so far as we are capable of judging, as these colors do ina 
properly perceiving eye. It is impossible, therefore, to sup- 
pose that a substance capable of being acted on by red and 
green waves is /acking. It can only be supposed, under these 
circumstances, that in the absence of the red-green substance, 
the yellow-blue substance acts vicariously, and in addition to 
its own colors, receives also those peculiar to the red-green 
substance—a fact which strikes at once at the foundation of 
the theory, and renders it totally inefficient, not to say absurd. 

It will be seen, too, that both these theories make the cause 
of congenital abnormal perception of colors to be resident in 
the retina. This arises,in part at least, from the fact that they 
have made the retina a difierentiating instead of a receptive 
and conducting apparatus. Each fibre or chemical substance 
is supposed to answer to all the primary color vibrations, and 
to be more easily and readily affected by some than others, 
and by those, too, which do not bear any relation to each 
other that is required by the rules of harmony. 
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But little attention has been given in the discussions of col- 
or-blindness to the part played by the brain in either normal 
or abnormal color-perception. The fact that we see with the 
mind and not with the eye, seems to have been entirely ignored 
by the partisans in their zeal for one or the other theory. It 
has been sought to explain all the phenomena of color-per- 
ception, normal as well as abnormal, by means of a normal or 
abnormal state of the retina, although all must know that xo 
impression can be converted into a sensation except it reach the 
brain and be properly acted upon by the organ which presides 
over the function of vision. 

The last remark of Burnett’s is greatly emphasized by an- 
other fact of physics concerning vision. Is not an image 
thrown upon the retina upside down, and do we not see things 
in the proper position without standing on our heads? We 
explain this by stating that vision is greatly an educated sense. 
The perception of form, color and light is not due to the eye 
alone ; all the other senses add some mental factors. As im- 
ages are not seen in the eye but are referred to a position in 
space, the child’s brain grdually learns to associate the image 
of the top or bottom of an object with the impressions con- 
veyed by its other senses. 

Vision in the adult is greatly modified by illusions; the 
mind in many instances overrules the impressions conveyed to 
the brain, substituting memory. A clever draughtsman can 
indicate a face by a few rough touches, which will be imme- 
diately transferred in the spectator’s mind to a portrait." The 
reason for this is that his mind is so familiarized, through re- 
curring experience, with the object, that it is ready to con- 
struct the requisite mental image at the slightest external sug- 
gestion. All optical illusions can be explained in this manner. 
We are comparatively inattentive to color which varies with 
distance, atmospheric changes and illumination. Thus the 
color of a field of grass, perhaps miles away, is designated 
green, though in reality it is grayish. 


1This would simply remain a mass of lines to an uncivilized man who was unac- 
customed to the delineation of objects. 
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How can we explain the effect of contrast by Young’s the- 
ory? I mean contrast of areas where there is not a true 
mixture of colored light. Is this not best explained by say- 
ing that itis a psychic act? Hering stands upon the same 
ground that we do, when he agrees to the psychical nature of 
simultaneous contrast. The same objections may be raised to 
the theory of Prof. Hering, besides numerous others. The 
simple colors are not complementary ; for instance, the com- 
plementary of “R” is not “G” but bluish-green, and there is 
no reason to suppose that they are antagonistic. White is not 
the result of subtraction but of addition, as the white formed 
by the addition of any colors is equal the sum of their inten- 
sities, and not the difference. . White is not a direct independ- 
ent sensation, but the sum of all appreciable impressions. 
Has any other sense been proved to be due to a chemical ac- 
tivity ? It is true that Boll and Kiihne succeeded in fixing an 
optogram upon the retina of a rabbit, but as the macula con- 
tains no rhodopsin (Boll’s purple) it is considered that vision is 
not explainable by the formation of optograms on the retina. 
(By the way, photoprints can be taken on any structure of the 
human body, by direct sunlight, for instance, sunburn or tan- 
ning. The subject is exactly where it stood before the dis- 
covery of the visual purple. Many of Hering’s statements 
were, I think, rendered impossible, long before his theory 
came into existence, by experiments in support of Young’s 
theory.) 

Now as to the theory of Burnett: I have already shown 
that the molecules of the luminous body giving white light 
must vibrate to as many colors as there are in white, and that 
it is absurd to fix a definite number (3) of bodies in the retina 
vibrating for maqre than one color at one time. Why do 
Young and his followers take the trouble to give a series of or- 
ganic elements a coarse unnatural division of fibre, in an effort 
to harmonize them with an arbitrary and unscientific naming 
of visible colors, when the difference in result depends upon a 
difference in cause, acting upon an ever ready material. A 
difference in the character of the natural impressions affecting 
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one and the same element to a greater or less degree, pro- 
duces an exact and equivalent answer. If a simple and homo- 
geneous structure like the wire of a telegraphic instrument can 
transmit more than one message at the same time, why is it 
not true of each filament of the optic nerve ? 

We gained some points, I think, when we showed the utter 
want of support that the Young and Hering theories have 
from analogy. The phenomena of crossed associations be- 
tween the senses, among those of colored audition, are- 
undoubtedly psychic. In this there are certain notes, whose 
perception is associated with the sensation of certain colors. 
From experiments (some of which I have done myself upon 
musically gifted persons), there are found to be two kinds, 
“Photopsie,” or simple luminous impressions following sonor- 
ous stimuli, and “Chromopsie” or colored visual sensations of 
which there are many forms. The sense of sight is assisted 
by the sense of hearing, for barely legible print may often be 
read when accompanied by a sound. Colors may be recog- 
nized at a distance where they were not before perceptible. 
Colors formerly not visible may be brought into the sensory 
field. These photisms or sound colors may be produced by 
experiments; in one, the subject looks at a gray disc of paper 
upon a white background while the sound is made. The 
photisms may be caused in consequence of sonorous stimula- 
tion by a singing voice only, or by ordinary speech, pronounc- 
ing the consonants or vowels, or by instrumental notes as by a 
tuning fork. 

Conversely the sense of audition is reinforced by the sense 
of sight. The ticking of a watch is made more intense by the 
sight of blue and green, less by blue and yellow. Sound has 
its intensity decreased when the eyes are closed. The effect 
of an impression on one eye influences the sound in the ear 
on the same side more decidedly than in the other. Excita- 
tion of other special sense organs not only affects their own 
brain centers, but also transmits some vibrations to the other 
centres. Cases of colored smell and colored taste have been 
recorded. Perceptible emotions, as joy, sorrow and violent 
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impulses cause, in some cases, sensations of color. Converse- 
ly the sight of certain colors gives rise to peculiar sensations 
of smell, taste, or certain pyschical conditions. These exper- 
iments remind us of persons deaf from disease of the middle 
ear, who hear better in a noise. 

Those persons in whom this phenomena can be produced 
are only marked examples of a physiological reaction of one 
sense upon another. For instance, some blind persons see 
these sound colors after the report of a cannon. 

The same or analogous physiological conditions can be pro- 
voked, as we have shown, by excitation of different centers, 
showing that the brain centers are acted upon by the same 
force. We consider this to be simply molecular vibration. All 
sensation is the result of this force, the different senses are but 
appreciations of various degrees and characters of these vibra- 
tions. 

If ina given individual the effects of an excitation of the 
nerves of special sense were absolutely equivalent, the corre- 
sponding sensations would be confounded. These phenomena 
are illustrations of the great principle or law underlying all 
natural action—that of the “Correlation of Forces.” 

They are due to a simultaneous action of external stimuli 
upon one or more nerve centres, the molecular vibration being 
propagated from one brain center to another by reason of 
contiguity, or by anastomoses of nerve fibres. Any disturb- 
ance of a special sense gives rise to its peculiar perception. 
That these phenomena take place entirely in the brain itself, 
the special sense organs having no action, cannot be denied. 

The sense of sight is but a very highly developed sense of 
temperature. The retinal mechanism simply effects a pro rata 
reduction of the highly delicate and infinitely divided kinetic 
energies of the ether wave stimuli into such relatively finite 
quantities as can alone affect nerve force. It is a translator 
from the language of the imponderable to the known of neu- 
ral vibrations. It also transfers these degrees of stimulation 
to the nerve fibres which convey them to the cerebral color 
and light producer. This process of reduction and transfer is 
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through the medium of molecular activities aroused in the 
retinal receptive organ by the stimulus and perceived by the 
end organ only according to the height and degree of the 
aroused molecular activity. 

Some facts from biology and qian claim our atten- 
tion. The brain and skin are both differentiations of the epi- 
blast. The eyes are essentially dermal structures, being noth- 
ing more than a special further development of a nerve and a 
spot of skin; the retina being the nerve, and the cornea, scler- 
otic, etc., the skin. In some animals without eyes, as in the 
medusz, certain spots upon the skin of some parts are sus- 
ceptible to light of any kind. A still higher development is 
found in the pineal eye of some of the extinct vertebrata, 
which was covered by a translucent skin, being only suscepti- 
ble to light and having no true vision. These examples sim- 
ply show an increase in delicacy of the organ and a special- 
ization of certain parts; the grosser waves of ether (i. e., heat) 
affecting it less and less, and the finer (i. e., light) more and 
more. 

Mr. Gladstone advanced an idea (evolved from his study of 
Homer and the Vedas), in which he was upheld by a distin- 
guished German scholar, Dr. Hugo Magnus, that the sense of 
color is not an original endowment of the human race, but 
that about 3,000 years ago the Semitic and Aryan tribes were 
incapable of distinguishing between red and blue, green and 
yellow. Also that white light is the ‘only kind perceived by 
the inferior order of animals. This view is incorrect. It is 
not the paucity of the color impressions in uncivilized races 
that gives rise to this conception, but the poverty of the lan- 
guage to describe them. Mr. Grant Allen, in his examination 
of the eyes of various uncivilized tribes, found the color sense 
perfect. White light is the purest we know of, and is the near- 
est approach to colorless light, which is the complete synthe- 
sis of all vibrations. The more numerous the vibrations, the 
purer or less colored the light, and the less visible it is. Pure 
light is invisible, only impure or colored light is seen and 
therefore visual perception is of color and not of light. The 
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simplest form of visual apparatus has probably but few differ- 
entiations of impure light at its command. As the higher 
forms of life are examined the number of received impres- 
sions increases. Then we all know that flowers are variously 
colored for the attraction of insects, etc. Many forms of life 
are colored as a protection, simulating their surroundings. 

An abnormal state of any part of the nervous apparatus, the 
retina, optic nerve or different parts of the cerebral center will 
cause some alteration in the normal sensation. As the retina 
is merely a disc-like expansion of the optic nerve, we may di- 
vide cases of abnormal color perception into central and per- 
ipheral. For example, in hypnotism and the psychic blind- 
ness of aphasia, the abnormal color perception is clearly cere- 
bral (or central). Also in the effects of certain drugs, as the 
yellow vision from Santonin and in alcoholism. Of the peri- 
pheral forms we have optic atrophy (where the contraction of 
the color field is entirely out of proportion with that of white), 
and cases resulting from inflammation of the retina, etc. These 
depend either upon the inability of the retina to take up, or of 
the optic nerve to carry certain vibrations. To the peripheral 
class belong many of the cases where shortening of the spec- 
trum occurs. A peculiar aberration is seen in psychic blind- 
ness, where the optical memory areas are affected, and form 
and color are seen, but make an unfamiliar impression. 

It is supposed that the normal retina and nerve respond to 
some ether waves more‘easily than to others. They seem to 
be unaffected by the ultra-violet and ultra-red rays of the spec- 
trum. Is not this carried still further in ‘“color-blindness,” 
and other colors modified or excluded from alterations in their 
anatomical or molecularstructure? “All we know in regard 
to differentiation of impressions points to the brain as the 
place where the final process leading to judgment takes place, 
and it cannot be denied, except in rare cases where there is 
shortening of the spectrum, that the mistakes of the ‘color- 
blind,’ so called, are “errors of judgment.” Now, where two 
colors are confused it is not necessary that they make pre- 
cisely the same impression on the central cells; but, that on 
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account of the individual’s “obtunded color-sensibility,” they 
are so nearly alike that he is apt to confoundthem. The vi- 
brations fail to excite the cerebral molecules in a full degree. 
We frequently find individuals who are unable to differentiate 
the finer shades of the same color. This is called a “dimin- 
ished chromatic sense.” Holmgren was unable to make any 
distinct lines of demarcation between this and what he called 
“color-blindness.” It is utterly impossible to account satis- 
factorily for such phenomena on any other basis than that of 
defective judgment. We therefore look upon “color-blind- 
ness” as an exaggerated condition of “diminished chromatic 
sense.” Observers are agreed that the name “color-blindness” 
isa misnomer, and that very few cases are really blind to 
color. “It is absurd to believe that because shades of red and 
green cannot be differentiated, that the person is really blind 
to either (7. ¢., that the patient cannot see them at all). He 
does see them, and sees them as colors just the same as he 
sees yellow or blue, but cannot separate the impressions made 
by the one from those made by the other.” ‘We would desig- 
nate all these cases under the specific heading dyschromatop- 
sia, to take the place of “achromatopsia, which signifies xo 
color vision. 

Observers have studied to some extent the subject of re- 
sidual sensations, or after images, of white light; but so far as I 
can ascertain, they have only experimented upon themselves. 

.I have done this myself many times, but have also experi- 
mented upon ten artists and draughtsmen who were compe- 
tent to make quick judgment of the fast fleeting colors. 
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TABLES 


SHOWING CHARACTER OF THE RESIDUAL SENSATIONS OF WHITE LIGHT FROM ExpErR- 


IMENTS UPON TEN ARTISTS. 


TABLE I., 
SHOWING THREE TYPICAL CASES WITH THE DURATION OF EACH IMPRESSION. 
—l— —2— 
Vv. M. J. H. K. 
TYPICAL SPECTRUM. | COLORS. CoLp COLORS. 
Duration. Duration. Duration. Colors. 
Colors. Colors. 
Min. Sec Min. Sec. Sec./Sixty sec. be- 
Ten sec. before Five sec. before fore image 
image appears. image appears. appears. 
10—20| Carmine. 5—15|Carmine. 
—30|Carmine rim, yel- —30/Orange. | 
‘owish green 
center. —40|No image. 
—40| Pale pea green. —45| Sepia. 
—45|Crimson. —55/Greenish yellow. 
—55|No image. 15|Emerald green. 
Yellowish - green|—1 28| Prussian green. 
“ghost.” | 
—1 35|No image. | 
10/Scarlet. 
40| Yellowish - green | 
15|No image. “ghost.” 
ae | 40|Prussian blue. | lowish green. | green 
52|No image. 20,Prussian 
M Images usually at bottom | 
2 7 = to visual _, 30\Light Prus- 
blue center. size to ‘the emerald green | Sam bine. 
—2 12|No image. onl both 40. Dark Prussian 
. 
—2 22\Prussian green 
rim, 50 Bluish purple. 
blue center. ae 10 Indigo. 
| | 
—2 47|Bluish Payne’s 
gray. — 45) Black. 
2|Payne’s gray rim, —3 5|Fading awa 
| bluish center. as a shad- 
| owy neutral 
3 17 Dirty Prussian tint. 
| blue. 
—3 37 Fading away as a Images usually appear 


neutral tint ill ° 
defined. 


Images stati nery ; of same 
relative size; gradually di- 
minishing in intensity. 


at top and sink diagonal- 
ly downward to bottom 
of visual fie d; they grad- 
ually diminish in size and 
intensity. Sizes, colors 
and directions can be al- 
tered at will. 


i ail 
|| 
| | 
| 
| 
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TABLE II. 


TWENTY SECONDS EXPosURE. 
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D. W.G. 


1. Greenish - yellow cen- 
ter; red rim. 


2. Yellow. 

8. Yellow center; car- 
mine rim. 

4. Pink. 


5. Carmine. 


6. Carmine center; pur- 
ple rim. 


7. Reddish purple. 


8. Purple center; Prus- 
sian blue rim. 


9. Indigo center; light 
blue rim. 


10. Carmine (“‘ghost.’’) 
ll. Indigo. 
12. Neutral tint. 


Images float about the 
fleld. Colors merge. 


G.S. 

1. Yellow. 

2. Carmine. 

3. Purple. 

4. Prussian blue. 

5. Prussian green. 

6. Light green. 


7. Prussian green 
(“ghost.’’) 


8 Prussian blue 
(““ghost.”’) 


9. Indigo. 


Images disappear be- 
tween colors gradually di- 
minishing in size and inten- 
sity. 


J.B. T. 

1. Greenish-yellow. 
2. Yellow. 

3. Orange. 

4. Light red. 

5. Carmine. 

6. Light blue. 

7. Reddish purple. 
8. Carmine (“‘ghost.”’) 
9. Prussian blue. 
10. Pur le (“ghost.’’) 
ll. Prussian blue. 
12. Indigo. 
13. Light blue. 
14. Payne's gray. 


Images disappear be- 
tween colors floating up- 
ward 


H. G. 
1. Red center; bluish rim. 


2. Orange. 

3. Olive green. 

4. Prussian green. 

5. Olive green (‘‘ghost.’’) 

6. Prussian green. 

7. Light blue. 

8. Prussian blue. 

9. Light blue (‘‘ghost’’) 
10. Prussian blue. 
ll. Payne's gray. 


Images gradually dimin- 
ish in size and intensity. 


—s— 
H. 8. 
1. Prussian blue. 
2. French blue. 
3. Indigo. 
4. Neutral tint. 


Sizes, colors and direc- 
tions can be altered at will. 


Cc. M. 
Yellowish-green. 
Orange. 
Orange center; red rim, 
Prussian blue. 


Purple. 


on 


Dark purple 
7. Mauve (shadowy). 
Images diminish in size 
to the Prussian blue, and 
then increase; colors grad- 
ually diminish in size and 
intensity. 


—10— 
H. W. 

Mauve. 

Purple. 

Prussian blue. 
Purple (“‘ghost.’’) 
Prussian blue. 
Indigo. 


. French blue upper 
half; indigo lower hait. 


8. Light indigo. 

9. Payne's gray. 
10. Neutral tint. 

Images diminish in size 
and intensity dropping di- 
agonally downward; sizes, 


colors and direc- 
tions can be altered at will. 
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A number of methods have been tried, but the following is 
probably the best: A white piece of paper was placed upon a 
dull black back-ground and looked at in the sunlight for a cer- 
tain length of time. (Fig. 4.) Then the eyes were gently 


FIG. 4. 


closed and covered with the-hands so as to exclude all light. 
Then a vivid image appeared, the color of which was named 
and committed to paper by a second person. This image 
changed to another color, and then to others, finally disap- 
pearing. 

The personal equation ofeach observer is, of course, of some 
consequence, as some persons appreciate colors more easily 
than do others,but I find that after images, as a rule, follow the 
colors of the spectrum, beginning at the upper end and contin- 
uing to the lower. The impressions may be modified to a 
considerable extent by the will. For instance, one of my 
subjects, after practice with these colors, always saw a full 
spectrum immediately upon the closure of the lids. In some 
cases the image may be altered in size, or it may be made to 
move about the field by a process of expectation. Also the 
image may be excluded or the colors may be modified at will 
by the subject. There are timés when the image does not 
gradually merge into the next but disappears suddenly, ap- 
pearing ina different color. Pressure upon the globe of the 
eye influences the color and appearance of these images. This 
is due to the fact that any irritation of the nerve or retina 
gives rise to a sensation of light. Sometimes a color is en- 
tirely omitted (the image not being appreciated at the time it 
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ought to appear). Sometimes only the first part of the spec- 
trum is seen, andsometimes only the last part. In my own 
experience fully a minute elapses before I see any image’. On 
some days more colors are distinguished or the list is lengthened 
bythe addition of one or more colors at either end. When a 
color, for instance, purple, which is usually thought of as be- 
ing compound, is viewed out of order the sensation is psychi- 
cal, being due to a changing from the red to the blue, confus- 
ing the two impressions. When other simple colors — 
out of order they have been seen before and are e “ghosts” o 
revivals of preceding impressions. 

This is proved by makinga half dozen exposures closely fol- 
lowing each other ; when the eyes are closed no very distinct 
views are obtained and colors follow without definite order 
When the eyes’ are suddenly turned the image gradually gets 
in line with the visual axis, this is due to the fact that the mind 
projects all objects into space, and as the cells in the brain 
corresponding to the maculze were primarily provoked, the 
mind considers that the image seen should be in the line of the 
visual axis. 

The brain is the workshop of the soul and indeed its entire 
world is constricted within the narrow limits of the cranium 
The ego is cognizant of nothing that goes on outside of the 
brain ; every action in the body (which can be appreciated) is 
telegraphed to the brain, and there makes some change which 
is referred to a position in space, as Epicharmus, the old Greek 
poet says, “T’is mind alone that sees and hears, all things be- 
sides are deaf and blind.” 

In all action there is a disintegration of tissue, and it.is rea- 
sonable to suppose that when the central cells are irritated, 
there is some change in the molecular relation of their con- 
stituents. This change may be evanescent, lasting but for a 
fraction of a second, until the reparative process is complete. 
If the irritation is kept up for a length of time, or repeated, or 


1In such cases the first part of the spectrum is seldom seen. 


2Or eye experimented upon. 
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if itis of great intensity, the impression or change is more 
permanent. Finally, the impression may be of sucha nature 
as to be carried to the memory cells of the brain, where it 
may make either transitory or permanent changes. Another 
kind of residual sensation is observed after certain operations 
on the eye, when the patient sees everything colored violet or 
reddish. This continues from fifteen minutes to one hour, and 
is due to an after image of some bright object. 

These residual sensations are simply memories, the succes- 
sions of colors being due to disintegration of the white light 
impressions in the brain cells themselves. The fact that the 
action is ever decreasing in intensity is due to the gradually 
lessening impression, some waves irritating for a longer time 
than others, and to the reparative processes going on in the 
recipient tissue. I have tried these experiments in many ways, 
and with other than white light. On every side they uphold 
the statement that differentiation of color is effected in the 
prain and not in the retina. 

Burnett divides vision into quantitative and qualitative. The 
first relating to the size of the image, 2. ¢., the number and re- 
lationship of the retinal’ elements (and the corresponding ele- 
ments in the brain) that are acted upon. (At a distance of 
less than 20 feet another factor comes into play, a sort of mus- 
cular sense developed by education, z. ¢., the accommodation 
and convergence of the eyes.) Qualitative vision is the color 
sense proper, resulting from a discrimination between changes 
experienced in the brain cells between ether waves of differ- 
ent lengths and rates of motion. 

Are there then separate centers in the brain for light, form 
and color perception, or for separate thecolors? I see no 
necessity for the assumption. 

Burnett says: “I would suppose the cerebral molecules or 
atoms to be capable of vibrating in the same phases as their 
corresponding molecules in the retina, or going farther back 
still, in the substance of the luminous body itself. Of course, 
under this hypothesis it is not demanded that there be a spe- 
cial phase of vibration for every distinctly-perceptible color 
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and shade. It is still possible to divide colors into “primary” 
and “combination.” As for myself I should regard as “pri- 
mary” all those colors which are clearly distinguished as such 
in the full solar spectrum. All others I would regard as 
“combination colors.” ” 

White light is more intense than colored, since it is the sum 
of all the ethereal vibrations. The whole must include all of 
its parts. All white light sensations can be resolved into their 
constituent elements of color sensations. Therefore, there is 
no necessity for separate color centers, nor is there need for a 
separate form center, if we accept the explanation given of 
quantitative vision. 

As stated, this paper is mainly a review, bringing together 
the more important theories advanced from time to time con- 
cerning color perception, and an attempt to record a few 
thoughts in support of, what the writer believes to be, the ra- 
tional view of the subject. 

The way for any theory to become a recognized law is for 
each observer to contribute his mite, however meagre, towards 
its establishment. 
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OCULAR HEADACHE. 


BY C. M. CULVER, M.A., M.D., ALBANY, N.Y. 


As usual, concerning any topic under discussion by myself, 
I shall, at the outset, try to show that my ideas, upon it, are 
in accord with those of some other men who are generally 
regarded, by connotsseurs,as having a right to speak of it 
authoritatively. 

Dr. Wm. Thomson! reports that: “Of 1,000 cases of refrac- 
tive errors, Bickerton found that in 277 headache was a dis- 
tinct symptom.” Dr. Thomson, in the same place, speaks of 
an article of my own,’ as one of “other praiseworthy efforts to 
popularize the subject.” This is cited only to indicate that 
Dr. Thomson considers such efforts “praiseworthy.” Seven- 
teen other authors are quoted, in Dr. Thomson’s work, (on the 
page cited and the one succeeding it) as having found eye- 
strain to be a source of headache. 

In Landolt’s work on refraction and accommodation, the 
author’ says: “The myope often experiences at the bottom of 
the orbit, or even in the entire forehead, a sensation of pres- 
sure which may become a genuine cephalalgia. The pain be- 
comes more and more intense and more and more frequent, 
sometimes even constant, and often takes on the character of 
a neuralgia. Indeed it is not rare to see these phenomena, as 
also asthenopia generally, mistaken for neuralgias dependent 


1Thomson. Sajous’ Annual of the Universal Medical Sciences, 1888, Vol. III, p. 
152. 

*Culver. Albany Medical Annals, Vol. VIII, p. 137. 

SLandolt. The Refraction and Accommodation of the Eye, p. 456. 


(187) 


| 
| 
| 
| 
| 


188 C. M. Culver. 


upon some affection of the nervous system, and treated ac- 
cordingly, without, of course, any success, and to the detri- 
ment of the general health.” 

Under the heading of Hyperopia, Dr. Landolt’ writes, in 
the same work: “Others * * * are early tormented by 
symptoms of asthenopia, provoked by the excessive working 
of their accommodative muscles. * * * A _ sensation 
of heaviness, which may pass into real pain, invades the eyes 
and forehead. This cephalalgia may take on the form of a 
genuine migraine and render impossible, not only all work, but 
even the fixation of the most distant object.” 

Let me say, parenthetically, that I do not suppose I am 
communicating mews, herein, to educated oculists. The sub- 
ject has so progressively excited my interest, of late years, 
that I deem its discussion a potential source of benefit to any 
reader, whether of the laity or of my colleagues. 

In his work on “Functional Nervuus Diseases,” Dr. Stevens? 
devotes twenty-fivé pages, directly, to the consideration of 
headaches produced by ocular anomalies. 

In the transactions of the Pennsylvania State Medical Soci- 
ety, for 1886, Dr. Edward Jackson*® published a valuable arti- 
cle on “The Relation of Eye-strain to Headache.” The first 
words of it are: “Headache due to eye-strain is very com- 
mon ;” and the rest of the article abundantly demonstrates the 
truth of that initial statement. 

In the New York Med. Rec. (an issue of September, ’76, 
of which I cannot give the exact date, only a reprint being 
now at hand) Dr. Stevens‘ said that: “In more than one hun- 
dred cases of severe, recurring headaches, including several 
which were clearly of the form called migraine, refractive 
anomolies have been found without exception.” 

In an article entitled “Oculo-Neural Reflex Irritation,” read 


1Landolt. The Refraction and Accommodation of the Eye, p. 370. 
*Stevens. Functional Nervous Diseases, p. 35-60. 

SJackson. Transactions of ennsylvania State Medical Society, 1886. 
4Stevens. New York Medical Record, September, 1876. 
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before the International Medical Congress, in London, Eng- 
land, August, 1881, the same author’ said: “The results of 
observation in several hundred carefully recorded cases of 
such diseases as neuralgia, chorea, insomnia, headaches (Cul- 
ver’s italics), and even epilepsy have fully confirmed the opin- 
ions long since expressed by me that difficulties in performing 
the function of sight are among the prolific sources of nerv- 
ous diseases.” 

In the New York Med. Journ. for April .16, 1887, may be 
read what Dr. Ambrose L. Ranney said in a meeting of the 
New York Neurological Society (March 1, 1887), viz.: “I do 
not pretend to speak as an oculist, but asa neurologist: * * 
* * Ihave never yet encountered a case of typical migraine 
in which some form of eye-defect did not exist.” 

In the first fasciculus for 1888 of the Annali di Ottalmologia, 
Dr. Rampoldi’ reported a case of hemicrania, which had been 
under his observation and treatment. 

Dr. Ambrose L. Ranney‘ has written: “I believe that the 
symptoms of sick-headache are of a reflex character, to a large 
extent, and are due, primarily, in almost every case, to some 
optical defect.” Again: “I do not think the relationship be- 
tween eye-strain and attacks of headache or neuralgia can be 
denied.” 

Dr. Henry D. Noyes‘ asserts that “not a small percentage 
of headaches originate in disorders of the ocular muscles.” 

Dr. C. S. Bull’ says: “Many cases of obstinate headache, 
which have resisted all treatment, originate in disorders of the 
ocular muscles and disappear when these disorders are cor- 
rected.” 

In January, 1885, Dr. G. S. Norton® published an article 


Stevens. Alienist and Neurologist, January, 1882. 

*Rampoldi. Annaii di Ottalmologia, Fasc. I, p. 58. 

’Ranney. New York Medical Journal, Vol. XLIII, p. 231. 

‘Noyes. Diseases of the Eye, p. 88. 

5Bull. In Soelberg-Wells, Diseases of the Eye, p. 719, 4th American edition. 
6 Norton. The Hahnemannian Monthly, January, 1885. 
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on “The Eye as an Agent Causing Headaches and other 
Nervous Disturbances.” Therein, in twenty-eight cases, is 
shown the connection between the various forms of refraction 
and headache, -.or other nervous disturbances. 

Before the Societe Francaise D’ Ophtalmologie, on the 31st of 
January, 1884, M. Martin,’ of Bordeaux, sought to demon- 
strate that, in a vast majority of cases, migraine is depend- 
ent on astigmatism. In such demonstration he was supported 
by Javal ;? he was opposed by Dianoux, but, as I presume to 
think, with a statement that was simply false: 

Galezowski,’ in the Recueil D’ Ophtalmologie, has written 
concerning ophthalmic migraine and its semeiological value. 

De Latourelle* reported to the Soctete de Biologie, in June, 
1887, a case of ophthalmic migraine. 

Dr. Parinaud,* in 1887, wrote concerning ocular cephalalgias. 

.Inthe article he says: “C’est dans l’appareil musculaire de 
Loeil que reside presque toujours la cause de la cephalalgie.” 
“(It is in the muscular apparatus of the eye that the cause of 
cephalalgia almost always resides.)” 

In 1883,Dr. Eperon,® who wrote the bibliographical analysis 
for the Archives D’ Ophtalmologie, reviewed the thesis of Dr. 
Raullet,” on ophthalmic migraine. Dr. Eperon wrote: “Za 
migraine ophtalmique, observee par Piorry, a fait dernierement 
le subjet de travaux interessants de M. Charcot et de son eleve-M. 
Fere.)’ “(Qphthalmic migraine, observed by Piorry, has 
lately been the subject of interesting work by Charcot and his 
pupil, Féré.)” 

The present writer, Culver, was once a student under Char- 


1Martin. <Arehives D’ Ophtalmologie, Tome IV, p. 170. 
2Javal. Loc. cit. 
3Galezowski. Recueil D’ Ophtalmologie, IV, No. 9, p. 536. 


*De Latourelle (cited by reviewer, Dr. Rolland), Recueil D’ Ophtalmologie, 1887, 
p- 622. 


5Parinaud. Recueil D’ Ophtalmologie, 1887, p. 663, also vol. III, 1883, p. 467. 
‘Eperon. Archives D’ Ophtalmologie, 1883, Tome III, p. 537. 
TRaullet. Th. Doct., Paris, 27 Juin, 1883. 
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cot, and although it might not be easy to formulate his rea- 
sons for holding the opinion, he thinks it a considerable con- 
cession on Charcot’s part, that there zs sucha thing as oph- 
thalmic migraine. 

Féré' also reports a case of ophthalmic migraine,followed by 
death; in another place he discusses the treatment of ophthal- 
mic migraine’. 

Snell® has written about “ Recurrent Paralysis of the Third 
Nerve, with Attacks of Migraine.” 

It seems strange to me that in my study of this subject, I 
have found so scanty reference by German authors to ocular 
headache. My former master, Schweigger‘, refers to it, but 
merely as a part of asthenopia. I am not now pretending to 
compile a complete *:bliography of the topic, but, if my cita- 
tions seem to ignore German works, the possible inference may 
be precluded by my saying that I believe it to be a fact that 
ocular anomalies are largely more productive of headache than 
they are commonly supposed to be; and that Germans have for 
more than half a century done more than half of the valuable 
scientific work, bringing forth a knowledge of facts, that has 
been done in the world. 

Dr. Stewart® gives the history of a case of what I would class 
with ocular headaches, though the connection is not as direct 
in the case reported as it often is. 

Mr. Brudenell Carter* gives the history ofa case, which 
I’ have already cited, in another article, wherein intense head- 
ache had been a prominent symptom, but. disappeared when 
Mr. Carter treated the patient’s eyes, merely prescribing con- 


IFéré. Revue Mensuelle de Medicine, Ul, 4. 

*Féré. Progr. Medtcal, No. 23, p. 454- 

3Snell. The Lancet, No. 21. (1885). 

‘Schweigger. Augenheilkunde, Vierte Auflage, p. 50. 

5Stewart. American Journal ot Ophthalmology, vol. V, p. 184. 

®Carter. Eyesight, good and bad, p. 144, and Diseases of the Eye, p. 563. 
7Culver. Albany Medical Annals, vol. VIII, p. 158. 
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cave glasses, mainly to establish harmony of accommodation 
and convergence. 

Dr. Swan M. Burnett’ considers this subject of ocular head- 
ache, briefly, and quotes Dr. S. Weir Mitchell as having called 
attention to it in 1876. 

I now propose to cite ten cases of headache that has suc- 
cumbed to my own ocular treatment: 

Case I, Mr. W.S.S., zt. 52, consulted me Feb. oth, 1888, 
at the suggestion of Dr. J. D. Featherstonhaugh. Eighteen 
years earlier had had an iridectomy performed on left eye. 
Three years ago, another of my local colleagues prescribed 
glasses for near-work, The left cornea is of so irregular curv- 
ature that vision in that eye amounts to only '/¢co, which no 
glass improves., He said that the glasses he had had were 
each sph.+'/,.; but I did not have a chance to see them. 
Vision of right eye was <*/xxx but, with a Cyl.—1.75 D. axis 
15°, it became equal to ”/xx. . 

My prescription was simply a Sph.+2.00 D. — Cyl.—1.75 
D., axis 15°, for the right eye, anda plane glass for the left 
eye, these being for use when doing near work. The patient 
is paymaster inthe Harmony Mills and has much clerical 
work to perform. This prescription was dated the 8th of Feb. 
1888. Result: On the 18th day of the same month he wrote: 
“I cannot spare the giasses, which suit meto aT.” May 5, 
1889, he orally communicated with me, personally, to this ef- 
fect: “I used to be crazy with headache all the time; I have 
never had a headache since you sent me the hook-bowed spec- 
tacles.” 

Case II. Miss M. F., a schoolgirl, zt. 13, consulted me the 
19th of March, 1887, at the suggestion of Dr. Franklin Town- 
send. Dr. Townsend had previously told me that he prog- 
nosed convergent strabismus, in that case, unless her eyes soon 
received appropriate treatment. Her head had ached a great 
deal. I found the eyes to be, on inspection, perfectly normal 
in all respects. There was hyperalgesia at each supraorbital 
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notch, and each infraorbital foramen. There being present no 
manifest anomaly, but latent hyperopia and latent convergent 
strabismus, I thoroughly atropinized both eyes; then, during 
complete mydriasis, the right eye, without a glass, had V.<”"/<; 
with a Sph.+1.75 D., ithad V.="/xx; atthe same time, with- 
out a glass, the vision of the left eye was V.="/¢c; with a Sph. 
+4.00 Cyl.+o.50 D., ax. g0°, V.=*/xx. I made some 
allowance for the strength of glasses because of her youth, and 
left about a dioptry of her general hyperopia uncorrected by 
the glasses I prescribed. By the way, I now doubtthe wisdom 
of making such allowance. Result: Just two months after 
her consultation with me, and while I was out of the city, Dr. 
Thomas Featherstonhaugh, then my associate in practice, saw 
the patient. I append his record. “Child, previous to visits 
here, used to have most intense headaches, accompanied by 
vomiting. She was treated for biliousness, etc., but got no re- 
lief until glasses were prescribed. She now has no headaches, 
and has not vomited since her first call here.” 

Case III. Miss I. T., lady zt. 20, had had vertigo since the 
spring of 1887, Had no symptoms peculiar to the eyes, but 
Dr. A. Van Derveer advised her to consult an oculist. She 
consulted me November 16, 1887. Her subjective history in- 
cluded the apparent vertical elongation of distant lights, great 
nervousness, and headache induced by near work. On the 
19th of November, 1887, I prescribed for the right eye, Sph.+ 
0.75 D., and for the left eye, Sph.+0.75 D., <> Cyl.+o.50 D., 
axis 180°, these lenses mounted as eye glasses. By von 
Graefe’s test, on the 17th of April, ’88, there was endophoria 
for five metres, that was corrected by 3° of old-fashioned an- 
gle-of-opening prism, and whose maximum correction was 5° 
of the same sort of prism. On the 8th of May, ’88, I replaced 
the Sph.+-0.75 D., right lens with a S.+0.75 D. prism 2° 
(angle of opening) apex toward nose. Result: On the 24th 
of January, ’88, I had a report that my treatment had relieved 
the former headaches. May 8, 1888, the report, as recorded 
in my case-record, reads: ‘Hasn’t had so much headache 
since she has had the glasses I prescribed, but has had a few 
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severe attacks.” I afterwards learned that at first these glass- 
es were worn by my patient only in a desultory way. Feb. 
16,89: “Patient has no more sick headaches now, but does 
have left temporal headache.” I used orthoptic training of the 
interni and enjoined more nearly constant use of glasses. Sixth 
of June, 89: “ Patient’s sister reports that patient’s headaches 
have quite ceased.” 

Case IV. Mr. G. P. W., merchant, zt. 52, consulted me the 
12th of May, 1085. With his right eye, without a glass, V.= 
*/xxx: Left eye, without a glass, V.="*/xx. Either eye with 
Cyl.+0.75 D., axis go°, V.=""/xy._ In this casea rule-of-thumb 
prescriber had signally failed. Mr. W., after having my pre- 
scription filled, compared the resulting glasses carefully with 
the rule-of-thumb glasses (prescribed, unfortunately, by a col- 
league). The patient found that his head ached whenever he 
used the latter glasses, and that it never ached when he used 
the sphero-cylinders, prescribed by myself, under correspond- 
ing circumstances. 

Case V. Miss R., zt. 16, schoolgirl, consulted me April 9, 
"89, to learn if treatment of her eyes would _ re- 
lieve her very annoying headache. I found each eye myopic 
and prescribed lenses correcting véa/ myopia. I did not re- 
gard her as a typical victim of ocular headache, and so re- 
ported to herself and to her father. But she had worn a 
sphero-cylinder in front.of the right eye, before I saw her. 
When she consulted me, a simple Sph.—4.00 D., gave V.= 
*°/xx; hence I knew that I could somewhat improve upon the 
circumstances under which her visual act had been performed, 
and told the patient and her father, that I expected some re- 
lief to attend her use of my prescription. Result: Five anda 
half weeks later (May 18, ’89,) I received a report that Miss R. 
had had no headache since she had worn the glasses I pre- 
scribed. 

Case VI. On February 22, 1889, Miss A. L., zt. 54, con- 
sulted me, giving a history of being “somewhat bilious,” “very 
nervous,” and having much headache. Without glasses or my- 
driatic, her right eye had V.<"/x;, and her left eye had V.< 
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with Cyl.+o.75 D., axis 90°; the right eye had V="/, xx; 
and with Cyi.+1.25 D., axis 90°, the left eye had V.=*/xxx; 
V.="/xxx was the best vision obtainable for either eye by a 
glass. I prescribed proper correcting glasses, for use during 
distant-vision, and proper sphero-cylinders for use when doing 
near-work. Result: Nearly three months later (May 16, ’89,) 
my patient reported, orally and personally, that her headache 
had not recurred since she had worn the distance-glasses I had 
prescribed. 

Case VII. Onthe 19th of December, 1885, Mrs. McC. con- 
sulted me, giving an account of having suffered much from se- 
vere nervous headache. So-called “walking glasses,” (each 
Sph.+1.50 D.,) had been prescribed for her, as well as right 
Sph.+3.50 D.. and left Sph.+4.00 D., for reading purposes. 
Without glasses or atropine the right eye had V.<"*/:xx and 
the left eye V.="/,; I found that Sph.+1.50 D. <> C.+1.00 
D., axis 180°, gave the right eye V.="/xy+; and that Sph.+ 
1.75 D. — Cyl.+o.50 D., axis 180° gave the left eye V.="*/xy; 
I prescribed such glasses for distant vision, and near-work 
sphero-cylinders, of strength to correspond to the requirements 
made by my patient’s natural presbyopia. 

Result: Onthe 22d of May, 1888, Mrs. McC. reported to 
me that she had been completely relieved from headache and 
eye trouble, ever since she finished treatment under me, over 
two years before. (It may be well to add that a course of tonic 
treatment, conducted by myself, had been undergone by my 
patient, who would never have gotten the benefit of my optical 
prescription, had she not fitted herself for it by intelligent per- 
sistence, and a course of quinine and strychnia). 

Case VIII. On the 27th of Feb., ’89, Miss C. M. V. D., zt. 
30, a lady whose time is much occupied by sewing, consulted 
me, giving a history that from the 23d of Feb., ’88, she had had 
headache every day for three weeks; then eyesight, for sewing, 
was blurred; the headache she described was temporo-frontal, 
sub-bulbar and bulbar; stomach was somewhat out of order. 
Either eye, without glasses, had V.=”/xx; either eye with Sph. 
+1.00 D., C.40.50 D., axis 90°, had V.="/xx; koroscopy 
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having shown me that the least hyperopic meridian (vertical) - 


of each of her eyes had a hyperopia of 1.50 D., 1 prescribed 
for each eye, Sph.+-1.50 — Cyl.+o.50 D., axis go°. A week 
later, with the spectacles I had prescribed, both eyes, together 
had V.=”/xx; either eye alone, with the glass I had prescribed 
for it, had 

Result: Just three months after having received my optical 
prescription, she wrote to me about the glasses, saying: “I 
have worn them steadily and I think that they have helped me. 
* ¥* * In sewing or reading I have notrouble.” In that 
letter she made no special mention of her former very trouble- 
some headache. I wrote, asking how 7¢ had been affected by 
my prescription. Onthe 2d of June, ’89, she answered me, 
saying: “* * About my headache—I had nearly forgotten 
all about it, as I had been free from it for nearly three months. 
—I also find on taking a day for pleasure, or riding on the cars, 
I have suffered no headache (since I have had the glasses) and 
before that I could not ride a very short distance on the cars 
without suffering for hours with a headache. The day I went 
to Albany, last winter, I fought headache all day (by taking 
headache medicine) to drive it off, but it came on at last, but 
not so severely; but the day I came home, having on the 
glasses (and I spent about five and a half hours in Pittsfield, 
so not reaching home till six o’clock at night, leaving home at 
ten o’clock) I did not have a touch of headache at all.” 

Case IX. On the tgth of October, 1887, Mr. N. J.G,a 
theological student, zt. 26 years, consulted me, as he had been 
advised by my former pastor and friend, Dr. T. G. Darling, to 
do. He gaveahistory of severe frontal and temporal head- 
ache, and “malaria,” the causation of the headache being 
ascribed by the patient, himself, to “eye work.” His head- 
aches and malaria had forced him to leave the theological 

seminary. When I first saw him there was no mydriasis, and 
each eye, without a glass, had V.<”/xx; the right eye, with a 
Cyl.+o.50 D., axis 45°, had V.=*/xx; and the left eye witha 
Cyl.+0.50 D., axis 115° had V.="/xx; experientia certainly 
docet, and, although I had not, then, the advantage, which I 
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have since acquired, of using the shadow-test accurately, I had 
no faith in the really beneficial action of these cylinders with 
obliquely inclined axis, and so Itold Mr. G. No spheric glass 
was at all accepted by either eye, when I first saw him. Act- 
ing on my advice, he permitted me to thoroughly atropinize 
both eyes; then it was a Sph.+1.25 D., — Cyl.+o.50 D., axis 
go°, and a stenopaeic aperture, of three millimetres diameter, 
which brought his vision up from its natural V.<"/:xx to ”/xx; 
and it was a Sph.-+-2.00 D. > Cyl.+-o.50 D., axis 90°, and the 
same kind of a stenopaeic disc that did the same thing for the 
left eye, giving it normal vision. I prescribed spectacles cor- 
responding to the result of my examination. 

Result: On the 3d of November, 1887, Dr. Darling wrote 
to me, saying: “ Yesterday I heard from Mr. G., who was 
very hopeful, and the cheerfulness was evidently giving him a 
stronger grip on life and work.” 

Onthe 25th of November, ’87, Mr. G. wrote me, saying: “ It 
is now one month since I began to wear the glasses. I ex- 
perimented with them this morning by going without them for 
a couple of hours, but am gladto get them on. They are now 
no trouble to me, and in every case I can see clearly with 
them. My head does not get weary now when I work.” 

Case X. Miss S. E. B. consulted me June 10, 1886. She 
gave a history of having had, ten years before, what I think, 
from her description, must have been phlyctznular keratitis, 
and for which Dr. Robertson had successfully treated her, with 
the classical remedies, calomel, cod-liver oil, etc. When she 
consulted me she had lately had headaches which the usual 
remedies had failed to relieve. She ascribed the headaches, 
herself, to the use of her eyes. Either eye, without a glass, _ 
had V.<"/xxx; with Cyl.+0.75 D., axis 90°, the right eye had 
V.="/xx; with Cyl.+1.00 D., axis 55°, the left eye had V.= 
*/xx. I prescribed such glasses, only, her age being less than 
that at which presbyopia is supposed, by most of us, to become 
manifest. 

Result: A little more than four months later (Oct. 18, 
1886) Miss B. reported herself perfectly well, and that she had 
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found her spectacles indispensable. I have seen the patient 
several times since then, and the report continues as satisfac- 
tory as it then was. 

My present opinion is that ocular headache is a topic worthy 
of further discussion, and my present purpose is to discuss it 
further in the future. 
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